INTRODUCTION

D
ifferent techniques have been used in some rheumatic diseases to induce a therapeutic effect by heating deep tissues. These techniques are commonly known as 'thermotherapy' (1) (2) (3) (4) . It should be observed that adequate heating of deep tissues cannot be obtained by conduction or convection of heat because the skin and subcutaneous fat are good thermal insulators and because heating is reduced by blood flow in superficial vessels. Heating of deep tissues can instead be obtained by conversion of other forms of energy into heat. Conversion heat is generated by different types of radiations absorbed by deep tissues: when radiation interacts with tissues, some energy is converted into heat. High power radiofrequency electromagnetic radiation (RF), which produces strong thermal energy, has been widely applied in medicine for ablative procedures (5) (6) (7) . The aim of our study was to investigate whether low power RF could re- amination. All the patients fulfilled clinical and radiologic criteria of the American Rheumatism Association for knee OA (13) . The patients were randomly assigned to two groups, each including 20 patients. The patients of the first group (2 males and 18 females, whose age ranged from 38 to 81 years; mean ± SD: 62 ± 10.9) were treated by low power RF. The schematic diagram of the stimulating apparatus is shown in figure 1, which is divided into three sections. Section A is a radio-frequency linear amplifier: the output (Out RF) is floating in reference to the electric power of the apparatus: a correct insulation of the patients from the electric power source is consequently obtained. Section B includes a RF generator with a frequency of 500 KHz, connected with the linear amplifier of section A, and a feedback system which automatically regulates the output power, so that a prefixed value of skin temperature is steadily maintained; this section also includes two control devices by which the operator fixes the value of skin temperature which must be reached and the maximal RF power which can be delivered during the application period. Section C includes an interface which calculates the RF power (W), the electric impedance (Z) of the electrodes which are applied to the patient and the value of the temperature (T) measured by the sensor Tc placed between the active electrode and the skin; the actual value of T is sent through the interface to the section B for the automatic control of delivered RF energy; section C also includes three displays which show W, Z and T values; W, Z and T signals are also sent to a serial connector, so that they may be acquired by a personal computer. RF applications were performed according to the following procedure. First of all, two parameters were selected: A: RF linear amplifier; B: RF generator; C: data interface connected with power, impedance and temperature displays. RF: radiofrequency; W: power; Z: impedance; T: temperature; Tc: skin temperature. Out RF: output of the RF linear amplifier; Tc sensor: sensor measuring the actual value of skin temperature; Set W max:: device for control of the maximal RF power which can be delivered; Set T control: device for control of the value of skin temperature which must be reached.
1. the maximal power of RF which could be delivered, i. e. 30 W; 2. he maximal level of T which could be reached, i.e 42°C.
The site of application of RF was then chosen. Two rectangular electrodes with incorporated solid gel, connected with the stimulating device, were placed on internal and external sides of the affected knee.
The active electrode, with a surface of 40 cm 2 , connected with a thermocouple, was applied on the internal aspect of the knee; the other electrode (reference electrode), with a surface of 77 cm 2 , was applied on the external one. The mean delivered specific power was 0.3 W/cm 2 . Every period of application lasted 20 min. Applications were repeated every day at the same hour of the morning for a period of 5 days. The patients were asked to report the sensations they felt during RF application. During every application, power was automatically changed for maintaining the value of prefixed skin temperature. The patient felt a well-tolerated and quite steady warm sensation. An example of data display obtained in one patient during a therapeutic session is shown in figure 2. The patients of the second group (4 males and 16 females, whose age ranged from 48 to 82 years; means ± SD: 69.4±9.2) were treated by TENS. Electrical stimulation was performed according to the technique currently used in our Division: square-wave negative pulses of 0.5 msec, repeated with a frequency of 50 Hz, were applied in each patient to the affected knee by means of two rectangular carbon electrodes, each having an area of 25 cm 2 : the cathode was placed on the internal aspect of the knee, the anode on the external one. During the stimulation, the intensity of electric Figure 2 -Example of data display obtained in one patient during a therapeutic session. In this application, the maximal power which could be delivered (Set W Max) had been fixed at a value of 18 W and the maximal value of temperature which could be reached (Set T Max) was 40°C. When the value of delivered power is near the set value, the feedback system automatically modifies the value of delivered power, so that skin temperature asymptotically reaches the prefixed value.
current was regulated to maintain a well-tolerated and stable sensation of tingling. Each period of stimulation lasted 20 min. Sessions were repeated every day for 5 days. In previous investigations (14-16) long lasting analgesic effects were obtained by TENS applied with this technique in patients suffering from different chronic pain syndromes. To evaluate the therapeutic effect, in each patient of both groups the intensity of pain was assessed by a visual analogue scale (VAS) (17) , where 0 means 'no pain' and 100 mm means 'pain as bad as it could be', and the degree of disability was evaluated using Lequesne's index (18). Lequesne's index for knee OA is composed of 10 items scored on a Likert scale. The items concern:
1. interference of pain with nocturnal rest; 2. morning stiffness; 3. pain exacerbated by maintaining the upright position; 4. pain induced by movement; 5. pain induced by standing up; 6. maximal distance of walking; 7. going up stairs; 8. going down stairs; 9. squatting; 10. walking on an irregular ground.
The total score ranges from 0 to 24. High scores indicate severe disability. The tests were performed before the therapy, immediately after therapy and 30 days after. The values of pain intensity and of Lequesne's index of patients of the two groups were compared. Statistical analysis of data was performed by analysis of variance for repeated measures. P<0.05 was considered significant.
RESULTS
The mean age of the two groups was not significantly different.
The mean values of pain intensity and disability, measured by VAS and by Lequesne's index respectively, evaluated in the two groups of patients before, immediately after and 30 days after the therapy, are reported in table I. A decrease of the mean values of pain intensity and of Lequesne's index was observed in both groups of patients. In the group of patients treated with RF a significant difference (p<0.01) was evident between the basal values of VAS and Lequesne's index and the values observed after the therapy, whereas in the group of patients treated with TENS statistical analysis did not show a significant difference between the basal values of VAS and Lequesne's index and the values observed after the therapy.
DISCUSSION
In the present study, a significant decrease of VAS and of Lequesne's index was observed after therapy in the group of patients treated with RF. In the Table I -Mean values ± DS of pain intensity (VAS) and Lequesne's index in the two groups of patients, with level of statistical significance of the observed differences. group of patients treated with TENS, the decrease of VAS and Lequesne's index observed after therapy was not statistically significant. Therefore, it may be supposed that, at least for knee OA, the therapeutic action of RF is more effective than the therapeutic action of TENS. It must be considered that VAS and Lequesne's index are different types of scales of evaluation. VAS is only a measure of pain intensity whereas Lequesne's index is a measure of disability, which is due to pain, but depends also on other factors, such as reduced range of motion of the joint. It must also be considered that VAS is a 100 mm-line with the label 'no pain' at one end and the label 'pain as bad as it could be' at the other end: the patient marks the line at the point corresponding to his pain; the intensity of pain is measured by the distance (in mm) between the end of the line corresponding to 'no pain' and the patient's mark. Pain intensity measured by VAS may therefore vary between 0 and 100, and is a direct and subjective assessment of the intensity of pain felt by the patient. Lequesne's index is obtained by the sum of a series of scores related to the assessment of different symptoms (such as interference of pain with nocturnal rest, stiffness, pain provoked by movement) and to the assessment of the degree of impairement of different daily activities (such as walking and going up and down stairs): it may therefore be considered an objective measure of pain and disability. It may be deduced that the improvement induced by RF is chiefly due to pain relief but is also due to functional improvement. The good therapeutic effect of RF on pain and disability was also long lasting. Immediately after the therapy, a significant decrease of pain intensity and of Lequesne's index was evident. Thirty days after the end of therapy, pain intensity and Lequesne's index were still significantly lower than before the therapy.
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In conclusion, from the present study it may be deduced that the analgesic effect of RF in knee OA is better than the analgesic effect of TENS according to VAS and Lequesne's index. Such a difference of the therapeutic effect may be due to the fact that TENS acts only on superficial tissues and nerve terminals, while RF acts increasing superficial and deep tissue temperature.
SUMMARY
Objective: To investigate the analgesic effect of low power radiofrequency electromagnetic radiation (RF) in osteoarthritis (OA) of the knee. Methods: In a randomized study on 40 patients the analgesic effect of RF was compared with the effect of transcutaneous electrical nerve stimulation (TENS). RF and TENS applications were repeated every day for a period of 5 days. The therapeutic effect was evaluated by a visual analogue scale (VAS) and by Lequesne's index: tests were performed before, immediately after and 30 days after therapy. Results: RF therapy induced a statistically significant and long lasting decrease of VAS and of Lequesne's index; TENS induced a decrease of VAS and of Lequesne's index which was not statistically significant. Conclusions: A therapeutic effect of RF was therefore demonstrated on pain and disability due to knee OA. This effect was better than the effect of TENS, which is a largely used analgesic technique. Such a difference of the therapeutic effect may be due to the fact that TENS acts only on superficial tissues and nerve terminals, while RF acts increasing superficial and deep tissue temperature.
